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v t du Pont *dc Kjemooks 

* g T^vention relates to the P^™£ 
_ims inv^u more patticttlady to 



50 



mB T^^tion relates » the po^^^- ^~ ffl 3 m.di rf *?£ 
of^uoro^esaad^ep^^y^ fSSed^mds. ..PerfiuoWefine^p^e£ 
tbepolStnena^rftcratoorW^^ dife from otbrr 



polymers ot hmfiooropxo- 
ftfe^ras perfluorc^lcfinepogmers have 



60 



20 



25 



The; beneficial efts rf "uS^TT^E 
perfmorinared solvents, boiling Wowl5<rO 
^consisting almost c^irehj rf c^^and 
fluorine, » media for me P^*™^^ 
peXm^kfine- npnnh^amqmm sanrns- 
£g7 This process.cf.polymenza^.do« not 
l5a to me formation of plasncr^ polymos 
and hence it difiers &«pioc««fa'?^« 
plasticized composmons by polymeimng b^o- 
|enared monomers m>e presence cfhdo- 
lenated -liqaids. ,Jaftw)^fa^« 
liffer frumotber halogmatrf polymeo m tfar 
high molecular weight ponnot^&ne poly- 
mcrsarenot plasticized by prfnonna»d so^ 
vents trader conditions nsed for the 
ation tfperflnaro^lefine monomers. 
been found that temmnoroerhyiene wiU react 

cUorine, taamine, unsaturated carbon double 
bonds under polym^on condmonsres^ 
me: in low molecular weight polymers, e-g. 
^eToi brime solids. The only compounds 
fo^d that do not interfere in the 
dan of perfinnro-olefine monomers arehqmd 
co^undsbaving no unsaniranon and bemg 
completely substituted wrm fluorine. I hus, 
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610 879 for copolymers oi _ 

with the above said dass of compounas inc - . substituted wrm Tmormc- 

use of fluorinated compounds, other than the < ^^ as3Soi compounds used m plastiaza- 

above described monomers, as po£rD*nzanqn ^f^^Sogen polymers other than per- 

a ^ )V ?. _~S^ mf >dmers in the polymenzanon uon at g?™** ^^'enmotbe nsedas media 



above described £ ££merizarion 

aids or polymer modifiers ^^^t^,^ 
of perfluoro-olefine monomers m 
andhalocarbon monomers m general jsalr^oy 
£i Thusfluormatedcompounds^eb^ 

used as dispersing ^'■^ 0 P btam 
35 polymerizationof^noro^e^^ 

3SL d 1&5 impounds have also 
b«i disclosed as plastiriring agents which can 
ol^lfballcarbonmc^^ » 
their polymerization or after P°^??~~ 
rive plasticized polymer composinons but 
fSfou! difficulties have arisen .when ^^P* 
were made to plasticize teuafluot^ytoe 
nolvmcr in this manner. Fmcranatea per 
compounds have been used to catalyze 

[Pril ' 
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most halogenared compound 75 
tion of perhalogen polymers oti^Aan 7d 
tooro^finepolymers, caimotbeused^m^a 
for the production of mugh, solid perfluoro- 
olefine polvmers, since they wfll act as mkimerrz- 
"^LeTagenrs that wfll 
c^aT-weighr polymers. A mugh polymer : is 
dXed^ a polymer that can bemnWed m» a 
ShTfilm,. which can be bent 180' without 

br Tbt^uveauan has as an object anovel process 
for t»lvmenzmg prrfluoro-olefine monomers. 
Atete^S ofti^is invention is to poly- 
merize perfiaoro-olefine monomers to polymers 
S^creased rates and jields. Yet another 
object of this invention is to provide a process 
fox the prenaration of new polymeric compoa 
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nous. A further object of *h** invention is to 
provide a process for polymerizing perflnaro- 
olrfmr monomers that will prevent polymer 
formation on the sm face of* the equipment used 
5 for said po lymerization, -These *™i other 
objects will be apparent from the description 
of the invention given hf^ran below. 

It has now been discovered, that in the 
presence of satnratcd pcixluarinated fiqerid, . 
10 gTrpTrarrr* cornpormds such as perfluorocyclo- 
butane^ , p erjBnorn methyl . cy rinficranc g per- 
flpoBo hcngene j and. pexflijorotributyi amine, 
and a catalyst snch as a per oxygen conmound ' 
or an azo corupound, mgh molmuar w e ight 
15 pcrflnaro-olcfine polymers can be obtained by 
using the same polymerization conditions as in 
other processes for obtaining pcrfiuoro-olefine 
polymers. Imc to the greatly increased solubil- 
ity of perfluoro-oTefin r. monomers, snch as 

• 20_tcnannacoethy£ene and' hexannnropropylene,' 

under polymer-forming conditions, as com- 
pared to their. solubility in other polymcriza- 
tion media such as water, polymerization 
reactions may be carried out at fester rates and 
25 lower temperatures and yet result in better 
yields. Same copolymerizaiians of tetrannoro- 
ethyiene with other ethylcmcally nnsatnrated 
perfiuorinated compounds, such as p e a Bn aiD - 
eyefobntene, which pr e vi o us to this invention 
30 were obtained only with great difficulty grvi 
could not be polymerized beyond the stage of 
brittle solids, can now be polymerized with 
relative ease to tough solids, using the process of 

rht<; invmrinn, 

35 According to the present invention there is 
now provided an improved process of poly- 
merizing or co-poryrnerizing perfluoro-olefines 
in the presence of a liquid medium and suits hie 
catalysts, characterized in that the liqud 
40 medium employed consists of or comprises one 
or mare saturated perfiuormated solvents boil- 
ing below 150°G, from the Ha^ consisting of 
perfiuormated hydrocarbons, perfmorinatcd 
ethers and perfluorinared- tertiary amin^ 
45 As previously indicated, the catalyst em- 
ployed in the process according to the pre se nt 
invention may be, for example, an com- 
pound or a peroxygen compound. 

It is known that perfluoro-olefme polymers 
50 such as poiytetiafluoroerhyiene have very low 
coefficients of adhesion and are extremely 
inert. It is furthermore . known Thar the 
saturated perfluorinared solvents used in 
practicing this invention, are very volatile and 
55 also in addition extremely inert. Thus in this 
process of polymerization no plasticizarion of 
the polymeric materials occurs and further- 
more the perflnorinated liquids used as media 
for the polymerization may easily and com- 
60 pletely be recovered by evaporation from the 
physical mixture formed by the polymer and 
its medhrm. in the polymerization step of this 
invention. 

The general class of halogenated solvents 
65 such as liquid polymers of chlorotrifluoro- 



erhyicne, fluonmated alcohols, carbon 
rhTnrirtej mrarhTo iue thyl enes, and all par- 
tially halogenated hychocarbons do not <^M^r 
the inertness of the perflnorinated solvents 
used in this nxvention and will therefore react 7C 
with growing chains of pcr£uoro-olehne poly- 
• mens and cause the formation, of low molecular 
weighr, so called /? trfnm crad " potyxners," 
pndrar aH e from : the^ standpoint- of- this 
juveutino. • •.. - tt." jr"""_ " 75 

It has also been cUscowexe^ 
flnxmnatrrf hquids, cmnfgfird in water with 
the aid of a dispersing agent used as metfiain 
the polymerization of pctxtuoro-^ietme rnono- 
mers will grve rise to polymer formation within 80 

the perfluormarrd liquid part of the mwiUa^ : 

without raTTSTng porymerrzarian in tfy » water 
_ Qfijjg cmnlsian. This was shown by the 



phase 
fect.ti 



that an breaking , the emulsion the water 



phase could be separated from the liquid per- 85 
fluorinated compound with only rrar^ of the 
polymer conrained in the water and most of 
? C -?°^ mCr oantained m the perfluorrnated 
hquid phase. Thus the water acts merely as a 
.heat transfer medium. The advantages ^incd 90 
by this phase of the invenrian rrf»r to the 
physical nature of the resulting polymer and 
not to its inherent structure and wnl be 
described in greater detail herembclo w. 

The s a u n au al perfluorinated liquids used 95 
as polymerization media in tfin; novel process 
m P ^yy^ y adsorbed on the porymer in the 
polymerization phase to give a wet spongy 
solid, but are easily recovered by distillation at 
reduced pressure, leaving the solid polymer 100 
behind, which has in essence the same properties 
as a polymer of the same monomers made by 
other processes. For reasons of fast and 
complete removal of the saturated perflnori- 
nated Hquid medium from the pexfmoro- 105 
define polymer it is preferred to use the more 
volatile perfluorinared hquids such as per- 
fluorocydobutane, perfuoromcthyicyemhexane, 
pail uorcxiiinemykyciocy (dohexane, and per- 
fluorokerosenes. Some of these compounds 110 
may be p repared by pyrorysis of polyterra- 
fluoioelhykne or tetrafluoi ueihyl ene as de- 
scribed in British Specification No. 581,405 
and in other ways known to those skOJed in the 
art. In using these perfluorosolvents as mryjt* 115 
for polymerizing perflooro-olefine monomers 
great care has to be taken that said compounds 
are pure. Impurities in said solvents will 
result in the formation of telomerized poly- 
mers, not desired in the process of this invert- 120 
tion. Impurities may be removed by repeated 
d ?s rn i a rirms > treatment with burylarnine, or by 
other methods known to those skilled in the 
art, Upon r ecover y of the p>er±InoTinaied 
medium from the polymer mrHirrm mixture 125 
the medium may be reused without further 
Lt raimcnf As a matter of fact, trace impurities 
are " polymerized out **, so rftar on each poJy- 
merizarion the pcrflaorinated Hquid medium 
attains a higher degree of purity. 13a 
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nndcrpcOjTncrlorBmg^"^^^ ^ of inert 
or HS5.P^ 
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mixture was removed ftpm the stiunless steel 
£ssel and .placed, m .a ^ass conrainer. Ou 
S^non aT^s container was heated jon 
HSarn bam utSil all .of the solvent tod been 
!i^«L The yield of tfce polymer was 75 
^nl The polymer could be compression 
molded at 380 C C into tough films, 

W comparable results using water as a 
oowSad^ medium in simJbr equipment 
fSgtepWes.-iOO to 500 lbs. per square 
£1*5 & dmes, 16 tom* yields of Ac 
polymerwereonly lOto 15 grams.- — ■ . - • 

EXAMPLE 2. Exan^lwasrcpeanJwni 
thfexoepaon of using 250 grams ofp^uoro- 
^Snc instead of 130 gram of pcrfluoro- 
SSohexane.. Similar to Example I, 
2^gS of trtiafluorocthylene polymer was 
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75 



- don nf ^raflufOO^ ^5J£5 
~ ^Xc^caJp^Semperatures 

mav occur in a fiqmd monomer stage havmg 
SSehtXsolved &e medium and Ae catalyst, 
7^«naaUy not accomplished m other 
30 pxcSsefrfp^axingtetraflnoroedxylenepoly- 

^eamonutsofcataly^orimtiatorandofjie ^ S§ 

^norinared liquid medium to be used m the te^ ™ * distillation ar reduced 

K^stftSs invention may be vanedovera u^uoroe^ylene y of tetr afluoro- 

Y^rL A^nSine on the results that are pressures. Ayre*" „v«1ned. Compression 



less steel vessel cooku «». — rr^.': tv - 

wak obtained. The vessel was agitated msm- 
Sr^crature and pressure subson- 
XcoSl After 10 minutes of agttanon 
Sacdon was stopped. Excess monomer was 
^5 off and the polymer-medium merrnre 
Amoved, from the vesseL The perfluoro- 
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50 



nrocess of this mvenuon hb, ^ 
Ce^nge depending on the results that are 

aSuj^amount of&orinated 

to medium rano. • 

The following examples are presented to 
teSer Xstrate 5 the process of this mvenuon 
ami are not intended to limit the scope of tins 
SenSon. iS parts are in weight unless other. 

wise stated. . / . 

. EXAMPLE 1. In a pressure «asont^- 

were warmed X 75 c 6. , and punned tetra- 
nnTroeSne waKadded through a valve m 
* SfAe vessekunril the pressure in the 

inc v p?" and temperature. The heateo 

maintaining pressure anu Lt HW 
nres^ure in the vessel was Wntained. oy 
Sd addition of puxffi3N«rafiuoro- 
Shylcne. The reaction was connnuMfor 90 
^!nm«- The vessel was then cool^k and 
vented off. The polytetra- 
65 fluofoeaiylene-perfluoromethylcyclohexane 



narafluoroethylene oy oisui^u^ TJ^Zrm- 100 
SSures. A yield of 453 gram of teD^ffuoro- 100 

rolvmer was obtamed. Compression 
2fi InSsamples were found to have a 
SffiS of 60,000 lb./sq. inch, a umsde 
SKjLcf 2100 lb./sq. inch and an elongauon ^ 

rf ?XAMPLE 4. Example 3 was repeated 
grtn, of P p^tocydobu^e- 

^de-STo.064graL The reacdonwas 110 
StamrflSO minutes and upon recovery of 
^P^norocydobutane 125 gram of poly- 
tetrafiuoroethylene was obtained. 

EXAMPLE 5. In a pressure r«^s«nx sunn- 
less sted vessel havmg a capacity of 3 figim t« 
liters was- placed an emulsion of 150 g^ns oi 
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The 
. to " 

imtil 1 

.inch J 



contents were then 
7^°C x£nd tetrafluoroethylene was 
^urehldWtupto36CM00 125 
Sich level the pres^re was main- 
iout the course of the^reacnon. 
vessel was agitated for'a penod 



The reason vessd was agitatea xux - i-— 
rf5oS« The vessel was then cooled 
IwfeTcess monomer vented off and the 130 
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opened. PoryTrrrafl norocthyl en e was* ■ 
found to be present admixed, with the per- 

jfonrt^ArmrthyVyi^nhnnn* in the shape of 

small granules, _ The polymer was separated 
fin m the water by filtration and the perfluaro- 
dimemylcydohexane "was recovered by distilla- 
tion at reduced pressures- A yield of 63-8 
grams of polytetrafluoroethylene was obtained. 

rnpl c 5 ^ tvwwp y y molded and fr'^^^^pd st 
380^C/werefbund to have a sthmess of 62,700 
Jbjsq. mch,. a tensile strength of ^lOO Dx/sq. 
inch and an elongation of 190%. 

EXAMPLE 6. In a pressure resistant stain- 
less steel vessel having a' capacity of 330 miffi- 



placed 105 



of perfip 



^ content! 



0.25 
rrile, 
-70°C 
head c 
propylene 
The vessel 
75°C. and 
added through 
the vessel had I 
■vessel and contents 
taining pressure and 
was stopped after 120, 
cooled and exc 
mixture of perfli 
polymer was 
vessel and 
evacuation 
steam bath 
had b een 
white 

point ranfee of 314 to 
formation, of 
propyl; 
pol 



r having tI^^ p ^p j 
of alpha , alpha'-azodiisoT 



-J 



dosed and cooled to 
. Through a valve in the 
10 ' gram of/ncxafiuoro- 



the : 



ton mixture. 
warmed to 
rylene was 
ntH pressure in 
,/sq. inch. The 
then agitated main- 
The reaction 
The vessel was 
removed. The 
le and a 
steel 
ler. On 
on a 
solvent 
^solid, 
" Jting 
i cared' the 

tetrafluoroethylene hexafluoro- 
copolymer. * Tctrafiuoroethylcne 
(a has a melting point range of 327 to 
330 The copolymer was compression 
molded at 360°C into tough films. 

EXAMPLE 7. Example 6 was repeated 
using 100 grams of perfluoromcthylcyclo- 
hexane and 0J2 gram of alpba^lpha'-azo- 
diisoburyronirril r. Upon evacuation and cool- 
ing 7.5 grams of hexafiuorocyclobuiene were 
added instead of the 10 grams of hexafiuoro- 
propylene. 

_The_Tcrraflnoroethy1rrir - . hcxafluorocyclo- — 
butene copolymer yield obtained was 69.6 
grams. The off gases from the polymeriza- 
tion phase were analyzed and it was found that 
5.2 grams of hcxafluorocyclobutene had re- 
acted with tetrafluoroethylene to give a co- 
polymer. On compression molding at 360 3 C 
tough films were obtained from the copolymer. 

*LE 8. In a pressure resistant stain- 
lessNsteel vessel having a capacity of 330 rnilli- 
Htres was placed a soluriopVof 0.054 gram of 
alpha^alpn^^razodi^^ in 100 

milliliter of pern^orpt&urylarnine. The vessel 
was closed, cooleuras^70°C. and evacuated. 
The vessel was heated t5S^ C. and pressured 
to 400 ^sfi. with tetrafluorbathylene- The 



reaction vessel was then agfratwi for a period 
of 90 mm The vessel was cooled and excess 
monomer removed. The mixture of pcrfluoro- 
trirnitylarnine and polymer was removed from 
the stainless steel vessel and placed in a glass 70* 
container. On. evacuation the glass container 
was heated an a steaznbath until all of the 
solvent had been removed.* The yield of the 
porymer was 98 grams. The polymer could be- 
eompq c ssi a n molded at 380°C into tough films. 75* 

Similar results axe obtained when a cyclic "■ 
perfinoringted eshcr having the fnrmriln f^p^Q .n 
bourng at 103°C is used instead of the per- 
finorotribiitylamine. 

The invention disclosed hereinabove is use 1 80* 
ful in the. polymerization of perfi^ioro-olenne 
m on ome rs. The use of perfinonnated saturated 
liquids as media for the polymerization of said 
monomers increases the rate of reaction and 
gives higher yields of polymer as compared 8> 
with other media. In this system lower pres- 
sures and temperatures and shorter reaction 
times became operable, as compared with prior 
art processes. A wider range of catalysts can be 
used through the ' process of this invention, 90- 
since the media are inert organic compounds. 
Due to the incr eas ed solubility of the per- 
fluoro-olefine monomers in the media used in 
the process of this invention under polymeriza- 
tion conditions copolymers of terrafiunro- 95 
ethylene obtained otherwise only, with great 
difficulty are made readily available. Catalysts 
beneficial to the properties of perfinoro- 
"olefihe polymers such as perfinoro oxygen com- 
poTmdsimrmtmgmCTeascd heat stabiliry^nay be POO 
employed in the process of this invention. The 
use of saturated perfluorinared solvents emul- 
sified with water as media for the polymeriza- 
tion of r>erflnoro-olefine monomers avoids the 
formation of adhesion polymer. Adhesion 105 
polymer is polymer adhering to the interior 
surface of the polymerization equipment where 
it is formed in situ during the polymerization. 
This adhesion polymer makes continuous clean- 
ing of equipment necessary and often is of 1 10- 
inferior quality and therfare constitutes a 
waste. Furthermore perfluoro-olefine poly- 
mers obtained by this latter phase of the 
process of this invention are in the form of 
spherical - granules, — maintained ~ even" after 1 IS 
removal of the pcrfiuorinated solvents. This 
shape improves the flow properties of the 
polymer powder, which is of great importance 
in further fabrication of perfuoro-olefine poly- 
mers in the manufacture of articles therefrom. 120- 
What we claim is: — 

1. An improved process of polymerizing per- 
fluoro-olefines in the presence of a Squid 
medium and suitable catalysts, characterized in 
that the liquid medium employed consists of or 125 
comprises one or more saturated perfluorinated 
solvents boiling below 150 c d, from the class 
consisting of perfluorinared hydrocarbons, 
perfinorinated ethers and pcrfiuorinated ter- 
tiary amines. 130> 
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.TTproocss according to claim 1 . 
Jjinlhatthe pcrfluorinated liquid is emul- 

^A^s according to claim 1 or 2 
^trSd in that the liquid medium 

^T^ohexzne, p^orodimethylcydo- 
^SJ^ containing 10-14 

^SScomSm any of the Wdg 

~ mnmoand at aperaxygen amrpoinv^- 
^TESes accardmg to any of the preced- 
A£fS^ffir5ie polymerization: is 
SUSSlFtn md = a pressure of 

rS^iSSUS- ^medium 



is ultimately removed from Ac resulting per- 
fluoro-olefine polymer obtained. ^^^^^ 
6. A process according to airy of tteprcccdT 
in C claims in vrrich tettatmoioethykpe and 
heWuoropropyicne or rtimrlnarocydobm>ene 

arc copolymcrized. • 3 % lfT 

7 ^ improved process of pdperrnng 

stantially as hereinbefore 

blefincs ^riienever prepared hj the nrmroved 
process berembefbxe_dar^ 
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